Objective: To investigate psychological distress and fertility quality of life (FertiQoL) in infertile Korean women, and to investigate whether a correlation exists between psychological distress and FertiQoL. Methods: Participants in this study were made up of 141 infertile women and 65 fertile women. We conducted a survey on psychological distress (using the Depression Anxiety Stress Scales [DASS]-42 questionnaire) and administered a FertiQoL questionnaire. The levels of stress hormones (adrenocorticotropic hormone [ACTH] and cortisol) in serum were assessed. Results: The scores for depression (13.7 ± 8.4), anxiety (10.7 ± 6.4), and stress (18.0 ± 8.3) among the infertile women were significantly higher than the scores for depression (9.4 ± 7.5), anxiety (6.6 ± 6.0), and stress (12.2 ± 8.3, p< 0.001) among the fertile women. There was no difference in the scores for depression (13.5 ± 8.2, 13.8 ± 8.6), anxiety (10.0 ± 6.2, 11.5 ± 6.6) and stress (17.7 ± 8.4, 18.4 ± 8.1) between younger ( ≤ 34) and older ( ≥ 35) participants. The mind-body (r = -0.495) and emotional (r = -0.590) subscales showed a higher negative correlation with stress compared with other scales of psychological distress. At the same time, the social (r = -0.537) and relational (r = -0.385) subscales showed a higher negative correlation with depression. Levels of cortisol and ACTH in infertile women were 9.1 µg/mL and 11.9 pg/mL, respectively, which are within normal ranges.
Introduction
Infertile patients are subjected to greater stress and emotional tension than their fertile counterparts [1] , and infertility is negatively associated with the relational, sexual, and psychosocial well-being of patients [2] . Moreover, merely a diagnosis of infertility and treatment for infertility can result in not only distress or depression [3] [4] [5] , but also a negative impact on the patient's quality of life [6] . Although the few studies that have examined the issue have been unable to confirm a perception that psychological stress may prevent a woman from attaining and maintaining a pregnancy [7, 8] , several studies have observed that emotional distress or stressful life events are associated with poor clinical outcomes for assisted reproductive technology (ART) programs [9] [10] [11] [12] [13] [14] [15] .
Various potential mechanisms have been postulated to connect psychological stress and infertility. Stress triggers the hypothalamicpituitary-adrenal axis, which upregulates corticotropin-releasing hormone (CRH), adrenocorticotropic hormone (ACTH), and glucocorticoids. An increase in the levels of these stress hormones can inter-fere with the timing of ovulation, shorten the luteal phase, and lessen the chance of implantation [16] . In addition, lower concentrations of norepinephrine and cortisol in serum and follicular fluid [17] as well as low urinary concentrations of adrenaline and noradrenaline have been found in women who underwent successful treatment [18] . At the same time, concentrations of cortisol or norepinephrine associated with stress may block or delay follicular development and embryo implantation [19] , or decrease the percentage of good quality embryos [14] , respectively. These findings have emphasized the importance of psychological intervention and counseling for infertile women.
It is well known that the negative effects of infertility on quality of life and emotional distress were stronger for women than for male partners [20] [21] [22] [23] . Surprisingly, anxiety and depression levels in infertile women were equivalent to those found in women with heart disease or cancer, or to those who had been diagnosed as human immunodeficiency virus (HIV)-positive [24] . To reduce the level of psychological distress in women diagnosed with infertility, some countries have laws recommending that counseling be offered as a part of infertility treatment before the initiation of the treatment [25] . It is well known that expressing thoughts and feelings is generally perceived as a simple and valuable means of psychotherapy for reducing psychological stress. Face-to-face counseling is the most widely used intervention; however, face-to-face counseling was not effective in some patients [26] . The recently introduced method of expressive writing intervention (EWI) may be more easily accessible and provoke less resistance in some patients who feel psychologically burdened by face-to-face psychological interventions. In fact, EWI has been shown to be efficient in reducing infertility-related stress in women seeking ART treatment [27] .
The abovementioned studies demonstrate the importance and necessity of psychological counseling for the psychological stabilization of infertility patients. In response, we conducted a preliminary study and a first trial for establishing a psychological testing and counseling system for infertile women in Korea. This study aimed to investigate psychological distress and stress hormone levels in the blood, and to investigate the correlation between psychological distress and fertility quality of life (FertiQoL) in infertile Korean women.
Methods
This is a prospective cohort study and the first validation study of the Korean-language FertiQoL questionnaire. This study was approved by the Institutional Review Boards (IRB) of Mizmedi Hospital (Mizmedi-ART IRB 2012-10-02) and Mamapapa & Baby Clinic (Mamapapa IRB 2015-01). This study was carried out from December 2012 to March 2016.
Patients
Out of a total of 206 volunteers, 141 infertile women without children and 65 fertile women with children participated in this study. Even though we explained to all infertile patients who visited our IVF centers about our study and tests, it was difficult to obtain volunteers, perhaps due to unfamiliarity with the psychological tests and their potential inconvenience for many infertile women. Therefore, the tests were performed entirely by voluntary decision of infertile patients without any ask to perform the tests, because we did not want to introduce additional stress that might negatively affect clinical outcomes. The group of infertile women consisted of various infertility patients who were at a stage prior to, during, or after their intra uterine insemination or in vitro fertilization (IVF) treatment. At the same time, the group of fertile women consisted of mothers who use a childcare center (a day care center for children from 0 to 4 years old), because they were similar in age to the infertile women, but had children. The child care center is managed by my friend, due to her help we could collect the fertile volunteers. Both groups of women filled out a survey on psychological distress (the Depression Anxiety Stress Scales [DASS]-42 questionnaire). In addition, the group of infertile women completed the FertiQoL questionnaire, either online or on paper. We analyzed the questionnaires and then provided written results and comments by e-mail or in face-to-face counseling according to the preference of the participants.
The DASS-42 questionnaire
Participants' level of psychological distress was measured with the DASS-42 questionnaire. DASS is a set of three self-reported scales designed to measure the negative emotional states of depression, anxiety, and stress, and each of the three DASS scales contains 14 items with similar content [28] . The depression scale assesses dysphoria, hopelessness, devaluation of life, self-deprecation, lack of interest or involvement, anhedonia, and inertia. The anxiety scale assesses autonomic arousal, skeletal muscle effects, situational anxiety, and subjective experience of anxious affect. The stress scale assesses difficulty relaxing, nervous arousal, being easily upset or agitated, irritability/ over-reactivity, and impatience. Subjects are asked to use a 4-point severity or frequency scale to rate the extent to which they have experienced each state over the past week. Scores for depression, anxiety, and stress are calculated by summing the scores for the relevant items (DASS-42, Psychology Foundation of Australia, 2014, http:// www2.psy.unsw.edu.au/dass/) (Appendix 1 ).
FertiQoL questionnaire
Recently, an international group of institutions (the European Society of Human Reproduction and Embryology, the American Society for Reproductive Medicine, and Merck, Geneva, Switzerland) have collaborated to develop the FertiQoL questionnaire, which is condition-specific and aims to measure quality of life in all people experiencing fertility problems [29] . FertiQoL (36 items) consists of 24 items derived from four subscales (mind-body, emotional, social, and relational), 10 treatment-related items, and two overall life and physical wellness items. FertiQoL is a reliable and valid international tool developed to assess the impact of fertility problems and fertility treatment on personal, social, and relational domains of life. FertiQoL was produced in English and has been translated into 20 languages; however, an official Korean translation was not available until recently. In 2012, we produced and submitted a draft Korean-language version of the FertiQoL and asked for approval and registration with the FertiQoL steering committee at Cardiff University in the U.K. After revision, the Korean version of FertiQoL was registered in 2012 and is available from the Cardiff Fertility Research Group (http://www.fertiqol.org) (Appendix 2).
Stress hormones: ACTH and cortisol
ACTH is produced in response to biological stress. Its principal effect is the production and release of cortisol by the cortex of the adrenal gland. Blood samples from study participants were collected at 09:00-12:00 in tubes containing ethylenediaminetetraacetic acid during the injection of gonadotropin for IVF; these samples were immediately centrifuged and stored at −80°C until assayed.
Statistical analysis
The values in the tables are presented as mean ± standard deviation. Differences between the two groups were analyzed with a twotailed Student's t-test. The correlation between FertiQoL and DASS-42 scores was explored using Pearson's r. All statistical analyses were performed using SPSS ver. 16.0 (SPSS Inc., Chicago, IL, USA). For the statistical procedure performed, a p-value of < 0.05 was considered significant.
Sample size calculation was performed with the automatic sample size calculator provided by SurveyMonkey (Palo Alto, CA, USA). The population size was 711, which constituted the total number of infertile women who visited our IVF center for ART treatments for the first time from December 2012 to March 2016. The confidence level and margin of error were determined to be 95% and 5%, respectively. From this survey condition, the optimal sample size was recommended as 249.
Results
Levels of psychological distress in infertile and fertile women were investigated with DASS-42 ( Table 1 ). There was no difference in age between infertile women (34.3 ± 3.7) and fertile women (35.4 ± 4.6). The scores on the depression (13.7 ± 8.4), anxiety (10.7 ± 6.4), and stress scales (18.0 ± 8.3) in infertile women were significantly higher than the scores (depression, 9.4 ±7.5; anxiety, 6.6 ±6.0; stress, 12.2 ± 8.3; p< 0.001) in fertile women.
It is well known that the pregnancy rate gradually decreases with age in women. From the viewpoint of infertile women, increases in age and in the duration of infertility may be a critical factor, increasing the level of psychological distress. To confirm the possibility, we investigated the effects of age and duration of infertility on psychological distress in infertile women ( Table 2 ). The participants with infertility were divided into two groups by age: group 1 ( ≤ 34 years old) and group 2 ( ≥ 35 years old). Although age (31.4 ± 2.6 years) and duration of infertility (2.8 ± 1.6 years) in group 1 were significantly lower than those (37.4 ± 2.8 and 5.1 ± 4.0 years, p< 0.001) in group 2, there was no difference between the two groups in the scores for the depression (13.5 ± 8.2, 13.8 ± 8.6), anxiety (10.0 ± 6.2, 11.5 ± 6.6) and stress scales (17.7 ± 8.4, 18.4 ± 8.1).
Many studies about FertiQoL have been performed using several translations; however, the present study is the first validation study of the Korean-language FertiQoL. We collected the FertiQoL scores from infertile Korean women, and then compared these with the scores of infertile Western women reported in a previous study (Table  3) . Although there was a small difference in the scores on the sub- , respectively, the whole scores were similar to each other. The correlation between level of psychological distress and FertiQoL in Korean infertile women was investigated (Table 4) . Mindbody (r = -0.495) and emotional subscales (r = -0.590) showed a higher negative correlation with stress compared with other psychological distress scales. At the same time, social (r = -0.537) and relational subscales (r = -0.385) showed a higher negative correlation with depression compared to other psychological scales. In particular, the relational subscale was significantly correlated with depression alone, but not with the anxiety and stress scales. Psychological distress showed a negative effect on quality of life, but not on the health of infertile women.
A correlation between the levels of psychological distress and stress hormones in infertile women was investigated (Table 5 ). Normal ranges of cortisol and ACTH levels assessed in the morning are 6.2 to 19.4 µg/mL and 7.2 to 63.3 pg/mL, respectively. Levels of the hormones in infertile women were 9.1 µg/mL and 10.4 pg/mL, respectively, which are within the normal range. Contrary to our expectation, a negative correlation was observed between the stress hormone levels and the psychological distress levels. ACTH showed a significantly higher correlation with depression (r= -0.622, p= 0. 
Discussion
We observed that the level of psychological distress in infertile women was significantly higher than the level in fertile women. This result conformed to the result of a previous study [1] . There was a wide difference in the levels of depression and anxiety between infertile and fertile women compared to the differences in stress. This result suggests that it is more difficult to relieve depression and anxiety than stress for infertile women. In general, stress can be relieved by enjoying sports, music, and leisure activities. However, unlike stress, it would be very difficult to reduce the levels of depression and anxiety, unless the causes of depression and anxiety are addressed. Although we do not provide our data about the comparison of psychological distress levels between infertile women and male partners here, we observed that the level in women was nearly twice as high as the level in men. This result is in line with other previous studies [23, 30] . Unlike infertile women, the levels of all scales in male partners fell within the normal range, which indicates that women seem to be more affected by infertility compared with their male partners. Moreover, male stress did not contribute to outcomes in infertility treatment, although female stress had a greater effect [12] . We have observed that most counseling and interventions for infertile patients are focused on the female patients rather than the male patients.
It is well known that the pregnancy rate of IVF cycles dramatically Boivin et al. [29] . Ferti-QoL tool; development and general psychometric properties. Correlation is significant at the 0.01 level. decreases after age 38. Therefore, we postulated that older infertile women may be more sensitive to aging compared with younger infertile women. Contrary to our expectation, we did not observe any difference in the levels of psychological distress between younger ( ≤ 34) and older ( ≥ 35) infertile women. Tiplady et al. [31] also reported a similar result, observing no correlation between age and stress level. These results suggest that a patient's age and duration of infertility is not related to the psychological distress of infertile women. A potential explanation is an enhancement in the ability to cope with infertility in older women, which inhibits an increase in psychological distress levels. This potential explanation is supported by previous reports that overall infertility-related stress declined with age in women [30] . A negative relationship between psychological distress and total mean scores on the FertiQoL questionnaire was found in the present study and other previous study [32] . Mind-body and emotional subscales showed a highly negative correlation with stress, while at the same time, social and relational subscales showed a highly negative correlation with depression. This result is in line with other findings that symptoms of depression were more highly correlated with social, sexual, and relational scales [30] . Notably, the relational subscale was significantly correlated with depression alone, but not with the anxiety and stress scales. This result suggests that satisfaction with the partner is the most important determining factor for the level of depression in infertile women. A similar result was reported showing that anxiety and depression in childless Japanese women were significantly associated with lack of support from the husband and a feeling of stress [33] . Therefore, the role of the male partner is very important for the psychological stability of his wife and, ultimately, for an increase in the pregnancy success rate.
Stress hormones, both cortisol and ACTH levels in infertile women, fell within the normal range. Furthermore, contrary to our expectation, a negative correlation between stress hormone levels and psychological distress levels was observed. This result is opposed to the result of a previous study, which showed a significant positive association between anxiety scores and cortisol levels in the blood [34] . Although further study is needed to identify this discrepancy, it may result from a difference in the endocrine conditions between the female participants. An et al. [34] collected blood from infertile women before the start of IVF treatment. In the present study, in contrast, blood was collected during the gonadotropin-releasing hormone (GnRH) and gonadotropin injections for the IVF cycle. We suggest a hypothesis that a high dose of gonadotropin injection may inhibit the release of stress hormones in infertile women. A reported negative association between stress hormone and GnRH suggests that CRH inhibits hypothalamic GnRH secretion [35] .
Infertile Korean women showed a high level of psychological distress and a low level of quality of life, which indicates that infertile women have a marked need for infertility counselling. Psychosocial counseling was effective in reducing anxiety in women undergoing IVF or intracytoplasmic sperm injection for the first time, which resulted in a higher conception rate for the participating women [36] . Matthiesen et al. [27] reported that a reduction in infertility-related stress was observed in the EWI group compared to the control group following intervention in first-time ART patients. EWI is easily accessible and provokes less resistance for some patients who feel a psychological burden with face-to-face counseling. For example, there is general discomfort when talking about sexual behavior during counseling. We conducted a survey with the DASS-42 and FertiQoL questionnaires, administered either online or on paper. We analyzed the questionnaires and then provided the resulting scores of the questionnaires with written advice by e-mail or in face-to-face counseling according to the preference of the participants. Most infertile patients who underwent previous IVF failure wanted face-to-face counseling, but first-time patients seemed hesitant about counseling. Therefore, we suggest that the EWI method may be a feasible intervention as a substitute for face-to-face counseling for first-time ART patients. The development of psychological counseling or intervention to reduce psychological distress and improve coping for infertile women is important not only to reduce emotional suffering, but also to help them reach their ultimate goal of pregnancy.
In conclusion, the levels of psychological distress and quality of life in Korean infertile women seem to require psychological intervention. Results of this study provide a baseline for psychological distress and FertiQoL in infertile women in Korea, and could be used as a basis of information for psychological intervention and further studies, although sample size was not enough. We will clarify the connection between psychological distress and ART outcomes in a future study with the optimal sample size.
